(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




HIM 



(43) International Publication Date (10) International Publication Number 

27 February 2003 (27.02.2003) PCT WO 03/017732 Al 



(51) International Patent Classification 7 : H05B 33/10 

(21) International Application Number: PCT/US02/26043 

(22) International Filing Date: 15 August 2002 (15.08.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/931,598 
10/208,910 



16 August 2001 (16.08.2001) US 
30 July 2002 (30.07.2002) US 



(71) Applicant: 3M INNOVATIVE PROPERTIES COM- 
PANY [US/US]; 3M Center, Post Office Box 33427, Saint 
Paul, MN 55133-3427 (US). 

(72) Inventors: WOLK, Martin, B.; Post Office Box 33427, 
Saint Paul, MN 55133-3427 (US). BELLMANN, Erika; 
Post Office Box 33427, Saint Paul, MN 55133-3427 (US). 
LI, Yingbo; Post Office Box 33427, Saint Paul, MN 55 133- 
3427 (US). ROBERTS, Ralph, R.; Post Office Box 33427, 
Saint Paul, MN 55133-3427 (US). BENTSEN, James, G.; 
Post Office Box 33427, Saint Paul, MN 55133-3427 (US). 

(74) Agents: BLACK, Bruce, E* et al.; Office of Intellectual 
Property Counsel, Post Office Box 33427, Saint Paul, MN 
55133-3427 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 



MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, B J, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

as to applicant 's entitlement to apply for and be granted 
a patent (Rule 4.17(H)) for the following designations AE, 
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, 
VC, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE, SK, TR), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG) 

as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4. 17 (Hi)) for all designations 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



m 



(54) Title: METHOD AND MATERIALS FOR PATTERNING OF A POLYMERIZABLE, AMORPHOUS MATRIX WITH 
i-H ELECTRICALLY ACTIVE MATERIAL DISPOSED THEREIN 



(57) Abstract: In a method of making an organic electroluminescent device, a transfer layer is solution coated on a donor substrate. 
The transfer layer includes a polymerizable, amorphous matrix with a light emitting material disposed in the matrix. The transfer 
layer is then selectively patterned on a receptor. The polymerizable, amorphous matrix is then polymerized. Examples of patterning 
methods include laser thermal transfer or thermal head transfer. The method and associated materials can be used to form, for 
example, organic electroluminescent devices. 



WO 03/017732 



PCT/US02/26043 



METHOD AND MATERIALS FOR PATTERNING OF A POLYMERIZABLE, 
AMORPHOUS MATRIX WITH ELECTRICALLY ACTIVE MATERIAL 

DISPOSED THEREIN 

5 Background 

Pattern-wise thermal transfer of materials from donor sheets to receptor 
substrates has been proposed for a wide variety of applications. For example, materials 
can be selectively thermally transferred to form elements useful in electronic displays 
and other devices. Specifically, selective thermal transfer of color filters, black matrix, 
10 spacers, polarizers, conductive layers, transistors, phosphors, and organic 
electroluminescent materials have all been proposed. 

Summary of the Invention 

The present invention is directed to materials and methods for patterning a 
polymerizable, amorphous matrix with electrically active material, such as a light 

15 emitting material, disposed in the matrix, as well as the devices formed using the 

materials and methods. One embodiment of the invention includes a method of making 
an organic electroluminescent device. A transfer layer is disposed (for example, 
solution coated) on a donor substrate. The transfer layer includes a polymerizable, 
amorphous matrix with a light emitting material disposed in the matrix. A portion of 

20 the transfer layer is selectively thermally transferred to a receptor. The polymerizable, 
amorphous matrix of the portion of the transfer layer transferred to the receptor is then 
polymerized. Optionally, the light emitting material or a component of the light 
emitting material is also polymerizable and polymerizes with the polymerizable, 
amorphous matrix. 

25 Another embodiment is a donor sheet that includes a substrate and a transfer 

layer. The transfer layer includes a polymerizable, amorphous matrix and a light 
emitting material disposed in the matrix. The transfer layer is capable of being 
selectively thermally transferred from the donor sheet to a proximally located receptor. 
The donor sheet can also include other layers such as a light-to-heat conversion layer, 

30 an interlayer, an underlayer, or one or more additional transfer layers. 

Yet another embodiment is an electroluminescent device having a first 
electrode, a second electrode, and a light emitting layer disposed between the first and 
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second electrodes. The light emitting layer includes a polymerized organic matrix with 
a light emitting material disposed in the matrix. 

Brief Description of the Drawings 

The invention may be more completely understood in consideration of the 
5 following detailed description of various embodiments of the invention in connection 
with the accompanying drawings, in which: 

Figure 1 is a schematic side view of an organic electroluminescent display 
construction; 

Figure 2 is a schematic side view of a donor sheet for transferring materials 
10 according to the present invention; 

Figure 3 is a schematic side view of an organic electroluminescent display 
according to the present invention; 

Figure 4A is a schematic side view of a first embodiment of an organic 
electroluminescent device; 
15 Figure 4B is a schematic side view of a second embodiment of an organic 

electroluminescent device; 

Figure 4C is a schematic side view of a third embodiment of an organic 
electroluminescent device; 

Figure 4D is a schematic side view of a fourth embodiment of an organic 
20 electroluminescent device; 

Figure 4E is a schematic side view of a fifth embodiment of an organic 
electroluminescent device; and 

Figure 4F is a schematic side view of a sixth embodiment of an organic 
electroluminescent device. 
25 While the invention is amenable to various modifications and alternative forms, 

specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit 
the invention to the particular embodiments described. On the contrary, the intention is 
to cover all modifications, equivalents, and alternatives falling within the spirit and 
30 scope of the invention. 
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Detailed Description 

The present invention contemplates materials and methods for the thermal 
patterning of a polymerizable, amorphous matrix with an electrically active material 
disposed therein. Such methods and materials can be used to form devices including 
5 organic electronic devices and displays that include electrically active organic 

materials, and in particular that contain light emitting polymers or other light emitting 
molecules. Examples of organic electronic devices that can be made include organic 
transistors, photovoltaic devices, organic electroluminescent (OEL) devices such as 
organic light emitting diodes (OLEDs), and the like. In addition, these materials and 
10 methods can also be useful for non-thermal printing, patterning, and transfer methods 
including, for example, inkjet printing, screen printing, and photolithographic 
patterning. 

The terms "active" or "electrically active", when used to refer to a layer or 
material in an organic electronic device, indicate layers or materials that perform a 

15 function during operation of the device, for example producing, conducting, or 

semiconducting a charge carrier (e.g., electrons or holes), producing light, enhancing or 
tuning the electronic properties of the device construction, and the like. The term 
"non-active" refers to materials or layers that, although not directly contributing to 
functions as described above, may have some non-direct contribution to the assembly 

20 or fabrication or to the functionality of an organic electronic device. 

Organic electroluminescent (OEL) display or device refers to 
electroluminescent displays or devices that include an organic emissive material, 
whether that emissive material includes a small molecule (SM) emitter (e.g., 
nonpolymeric emitter), a SM doped polymer, a light emitting polymer (LEP), a doped 

25 LEP, a blended LEP, or another organic emissive material whether provided alone or in 
combination with any other organic or inorganic materials that are functional or non- 
functional in the OEL display or devices 

R.H. Friend, et al. ("Electroluminescence in Conjugated Polymers" Nature, 397, 
1999, 121.), describe one mechanism of electroluminescence as including the "injection 

30 of electrons from one electrode and holes from the other, the capture of oppositely 
charged carriers (so-called recombination), and the radiative decay of the excited 
electron-hole state (exciton) produced by this recombination process." 
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Materials for OEL devices can be small molecule (SM) or polymeric in nature. 
SM materials include charge transporting, charge blocking, semiconducting, and 
electroluminescent organic and organometallic compounds. Generally, SM materials 
can be vacuum deposited or evaporated to form thin layers in a device. In practice, 
multiple layers of SMs are typically used to produce efficient OELs since a given 
material generally does not have both the desired charge transport and 
electroluminescent properties. 

LEP materials are typically conjugated polymeric or oligomeric molecules that 
preferably have sufficient film-forming properties for solution processing. 
Conventionally, LEP materials are utilized by casting a solvent solution of the LEP 
material on a substrate, and evaporating the solvent, thereby leaving a polymeric film. 
Other methods for forming LEP films include ink jetting and extrusion coating. 
Alternatively, LEPs can be formed in situ on a substrate by reaction of precursor 
species. Efficient LEP lamps have been constructed with one, two, or more organic 
layers. 

OELs can also be fabricated with one or more molecular glasses. Molecular 
glass is the term used to describe organic, low molar mass, amorphous, film-forming 
compounds. Hole transporting, electron transporting, and bipolar molecular glasses are 
known including those described in J.V. Grazulevicius, P. Strohriegl, "Charge- 
Transporting Polymers and Molecular Glasses", Handbook of Advanced Electronic and 
Photonic Materials and Devices, H.S. Nalwa (ed.),10, 2001, 233. The solubility of the 
molecular glasses can limit the ways in which multilayer electronic structures are 
conventionally created. For example, it may not be possible to solution coat a light 
emitting polymer layer on top of a hole transport layer of a molecular glass if the 
materials of the two layers are soluble in the same solvents. Devices have been 
previously formed with, for example, solution coated hole transport layers and vapor 
deposited emission and electron transport layers. 

As an example of device structure, Figure 1 illustrates an OEL display or device 
100 that includes a device layer 110 and a substrate 120. Any other suitable display 
component can also be included with display 100. Optionally, additional optical 
elements or other devices suitable for use with electronic displays, devices, or lamps 
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can be provided between display 100 and viewer position 140 as indicated by optional 
element 130. 

In some embodiments like the one shown, device layer 110 includes one or 
more OEL devices that emit light through the substrate toward a viewer position 140. 
5 The viewer position 140 is used generically to indicate an intended destination for the 
emitted light whether it be an actual human observer, a screen, an optical component, 
an electronic device, or the like. In other embodiments (not shown), device layer 1 10 is 
positioned between substrate 120 and the viewer position 140. The device 
configuration shown in Figure 1 (termed "bottom emitting") may be used when 

10 substrate 120 is transmissive to light emitted by device layer 110 and when a 

transparent conductive electrode is disposed in the device between the emissive layer of 
the device and the substrate. The inverted configuration (termed "top emitting") may 
be used when substrate 120 does or does not transmit the light emitted by the device 
layer and the electrode disposed between the substrate and the light emitting layer of 

15 the device does not transmit the light emitted by the device. 

Device layer 110 can include one or more OEL devices arranged in any suitable 
manner. For example, in lamp applications (e.g., backlights for liquid crystal display 
(LCD) modules), device layer 110 might constitute a single OEL device that spans an 
entire intended backlight area. Alternatively, in other lamp applications, device layer 

20 110 might constitute a plurality of closely spaced devices that can be 

contemporaneously activated. For example, relatively small and closely spaced red, 
green, and blue light emitters can be patterned between common electrodes so that 
device layer 110 appears to emit white light when the emitters are activated. Other 
arrangements for backlight applications are also contemplated. 

25 In direct view or other display applications, it may be desirable for device layer 

1 10 to include a plurality of independently addressable OEL devices that emit the same 
or different colors. Each device might represent a separate pixel or a separate sub-pixel 
of a pixilated display (e.g., high resolution display), a separate segment or sub-segment 
of a segmented display (e.g., low information content display), or a separate icon, 

30 portion of an icon, or lamp for an icon (e.g., indicator applications). 

In at least some instances, an OEL device includes a thin layer, or layers, of one 
or more suitable organic materials sandwiched between a cathode and an anode. When 
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activated, electrons are injected into the organic layer(s) from the cathode and holes are 
injected into the organic layer(s) from the anode. As the injected charges migrate 
towards the oppositely charged electrodes, they may recombine to form electron-hole 
pairs which are typically referred to as excitons. The region of the device in which the 

5 excitons are generally formed can be referred to as the recombination zone. These 
excitons, or excited state species, can emit energy in the form of light as they decay 
back to a ground state. 

Other layers can also be present in OEL devices such as hole transport layers, 
electron transport layers, hole injection layer, electron injection layers, hole blocking 

10 layers, electron blocking layers, buffer layers, and the like. In addition, 

photoluminescent materials can be present in the light emitting layer or other layers in 
OEL devices, for example, to convert the color of light emitted by the 
electroluminescent material to another color. These and other such layers and materials 
can be used to alter or tune the electronic properties and behavior of the layered OEL 

15 device, for example to achieve a desired current/voltage response, a desired device 
efficiency, a desired color, a desired brightness, and the like. 

Figures 4A to 4F illustrate examples of different OEL device configurations. 
Each configuration includes a substrate 250, an anode 252, and a cathode 254. The 
configurations of Figures 4C to 4F also include a hole transport layer 258 and the 

20 configurations of Figures 4B and 4D to 4F include an electron transport layer 260. 

These layers conduct holes from the anode or electrons from the cathode, respectively. 
Each configuration also includes a light emitting layer 256a, 256b, 256c that includes 
light emitting material such as one or more light emitting polymers or other light 
emitting molecules (e.g., small molecule light emitting compounds) disposed in a 

25 polymerized organic matrix, according to the invention. The light emitting layer 256a 
includes a hole transport material, the light emitting layer 256b includes an electron 
transport material, and the light emitting layer 256c includes both hole transport 
material and electron transport material. In some embodiments, the hole transport 
material or electron transport material is a material that forms the polymerized organic 

30 matrix which contains the light emitting polymer or other light emitting molecules. In 
other embodiments, a separate polymerized organic matrix material is used. In 
addition, the hole transport material or electron transport material in the light emitting 
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layer 256a, 256b, 256c can be the same as or different from the material used in the 
hole transport layer 258 or electron transport layer 260, respectively. 

Generally, the polymerized organic matrix is formed by combining the light 
emitting material with a polymerizable organic material that is capable of forming an 
5 amorphous matrix. The polymerizable, amorphous matrix-forming material can 

include, for example, one or more amorphous matrix-forming compounds that includes 
polymerizable moieties. Optionally, a crosslinker that is capable of reacting with the 
polymerizable moieties can also be included. The light emitting material (or one or 
more components, for example, one or more light emitting polymers or small 

10 molecules, of the light emitting material) is optionally polymerizable with the 
polymerizable, amorphous matrix-forming material. This composition can also 
optionally include, for example, other polymerizable or inert (e.g., non-polymerizable) 
materials (including inert polymers) such as binders, hole transport materials, electron 
transport materials, and semiconducting materials. 

15 This composition is typically disposed on a donor sheet as a transfer layer to 

form a polymerizable, amorphous matrix with the light emitting material disposed in 
the matrix. The transfer layer (optionally, with one or more other transfer layers) is 
then selectively thermally transferred from the donor sheet to a receptor, as described 
below. The polymerizable, amorphous matrix-forming material can then be 

20 polymerized after transfer to form the polymerized organic matrix. 

The anode 252 and cathode 254 of the OEL device are typically formed using 
conducting materials such as metals, alloys, metallic compounds, metal oxides, 
conductive ceramics, conductive dispersions, and conductive polymers, including, for 
example, gold, platinum, palladium, aluminum, calcium, titanium, titanium nitride, 

25 indium tin oxide (ITO), fluorine tin oxide (FTO), and polyaniline. The anode 252 and 
the cathode 254 can be single layers of conducting materials or they can include 
multiple layers. For example, an anode or a cathode may include a layer of aluminum 
and a layer of gold, a layer of calcium and a layer of aluminum, a layer of aluminum 
and a layer of lithium fluoride, or a metal layer and a conductive organic layer. 

30 The hole transport layer 258 facilitates the injection of holes from the anode 

into the device and their migration towards the recombination zone. The hole transport 
layer 258 can further act as a barrier for the passage of electrons to the anode 252. The 
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hole transport layer 258 can include, for example, a diamine derivative, such as N,N ! - 
bis(3-methylphenyl)-N,N f -bis(phenyl)benzidine (also known as TPD) or N,N f -bis(3- 
naphthalen»2-yl)-N,N f -bis(phenyl)benzidine (NPB), or a triarylamine derivative, such 
as, 4,4 , ,4"-Tris(N,N-diphenylamino)triphenylamine (TDATA) or 4,4^4"-Tris(N-3- 
methylphenyl-N-phenylamino)triphenylamine (mTDATA). Other examples include 
copper phthalocyanine (CuPC); l,3,5-Tris(4-diphenylaminophenyl)benzenes 
(TDAPBs); and other compounds such as those described in H. Fujikawa, et al., 
Synthetic Metals. 91, 161 (1997); Shirota, J. Mater. Chem. , 10, 1, (2000); and J.V. 
Grazulevicius, P. Strohriegl, "Charge-Transporting Polymers and Molecular Glasses", 
Handbook of Advanced Electronic and Photonic Materials and Devices , H.S. Nalwa 
(ed.), 10, 233-274 (2001). 

The electron transport layer 260 facilitates the injection of electrons and their 
migration towards the recombination zone. The electron transport layer 260 can further 
act as a barrier for the passage of holes to the cathode 254, if desired. As an example, 
the electron transport layer 260 can be formed using the organometallic compound 
tris(8-hydroxyquinolato) aluminum (A1Q). Other examples of electron transport 
materials include 1 ,3-bis [5-(4-( 1 , 1 -dimethylethyl)phenyl)- 1 ,3 ,4-oxadiazol-2- 
yl]benzene, 2-(biphenyl-4-yl)-5-(4-(l , 1 -dimethylethyl)phenyl)- 1 ,3 ,4-oxadiazole 
(tBuPBD) and other compounds described in C.H. Chen, et al., Macromol. Svmp. 125, 
1 (1997); Shirota, J. Mater. Chern., 10, 1, (2000); and J.V. Grazulevicius, P. Strohriegl, 
"Charge-Transporting Polymers and Molecular Glasses", Handbook of Advanced 
Electronic and Photonic Materials and Devices , H.S. Nalwa (ed.),10, 233 (2001). 

A number of methods have been used or tried to make OEL devices. For 
example, SM light emitting devices have been formed by sequential vapor deposition 
of hole transporting, emitting, and electron transporting molecules. Although the layers 
are amorphous when deposited, the layers can crystallize over time, diminishing their 
charge transport and emission properties. In general, it can be difficult to solution cast 
SM materials since they tend to form crystallites upon solvent drying or later during the 
device lifetime. 

As another example, light emitting layers based on LEP materials have been 
fabricated by solution coating a thin layer of the polymer. This method may be suitable 
for monochromatic displays or lamps. In the case of devices fabricated with solution 
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casting steps, it is much more difficult to create multilayer devices by multiple solvent 
casting steps. Multilayer devices could be produced in which layers are cast from 
different solvents, a first insoluble layer is created in situ and a second layer is solvent 
cast, a first layer is solution cast and a second layer is vapor deposited, or one or both of 
5 the layers is crosslinked. 

Polymer dispersed small molecule devices have been fabricated by solution 
casting a blend of a host polymer (e.g. polyvinylcarbazole) and a mixture of one or 
more small molecule dopants. In general, these devices require high voltages to operate 
and are not suitable for display applications. In addition, they suffer from the same 

10 restrictions for patterning as the LEPs. 

Another method of forming devices includes the transfer of one or more transfer 
layers by laser thermal patterning as described in, for example, U.S. Pat. Nos. 
6,242,152; 6,228,555; 6,228,543; 6,221,553; 6,221,543; 6,214,520; 6,194,119; 
6,114,088; 5,998,085; 5,725,989; 5,710,097; 5,695,907; and 5,693,446, and in co- 

15 assigned U.S. Patent Application Serial Nos. 09/853,062; 09/844,695; 09/844,100; 
09/662,980; 09/662,845; 09/473,114; 09/451,984; 09/931,598; 10/004,706; and 
10/183,717. The patterning process can depend upon the physical properties of the 
transfer layer. One parameter is the cohesive, or film strength, of the transfer layer. 
During imaging, the transfer layer preferably breaks cleanly along the line dividing 

20 imaged and unimaged regions to form the edge of a pattern. Highly conjugated 
polymers which exist in extended chain conformations, such as 

polyphenylenevinylenes, can have high tensile strengths and elastic moduli comparable 
to that of polyaramide fibers. In practice, clean edge formation during the laser thermal 
imaging of light emitting polymers can be challenging. The undesired consequence of 

25 poor edge formation is rough, torn, or ragged edges on the transferred pattern. 

As an alternative to or improvement on these previous methods and to address 
some of the above-described difficulties, light emitting material, such as one or more 
light emitting polymers (LEPs) or other light emitting molecules, can be solution 
coated as part of a coating composition that includes a polymerizable material capable 

30 of forming an amorphous matrix that resists crystallization. The amorphous nature of 
the matrix can provide low cohesive strength, as compared to typical polymer transfer 
layers, during transfer from a donor medium to a receptor, as described below. The 
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amorphous nature of the matrix-forming material may also act to compatibilize more 
than one electrically active material (e.g. two otherwise incompatible LEPs or an LEP 
,and a phosphorescent emitter). The polymerizable nature of the amorphous matrix- 
forming material can be used to strengthen the transferred portion of the layer after 
5 transfer and provide better durability for the transferred portion, as well as, in at least 
some instances, improvements in other device properties. 

LEPs will be used as an example for the description below, but it will be 
recognized that other light emitting, semiconducting, hole transporting, electron 
transporting, or otherwise electrically active molecules could be used in place of or in 

10 addition to one or more LEPs. In addition, laser thermal transfer will be used as an 
example of a method for forming light emitting and other layers, however, it will be 
recognized that other transfer, patterning, and printing techniques can be used, such as 
inkjet printing, screen printing, thermal head printing, and photolithographic patterning. 
Any organic material can be used for the polymerizable, amorphous matrix- 

15 forming material as long as (i) the material can be solution coated to form an 

amorphous matrix that will resist substantial crystallization during the expected lifetime 
of the material before transfer of the material to a receptor and (ii) the material can be 
polymerized after transfer to the receptor. Unless otherwise indicated, any reference to 
polymerization of the polymerizable, amorphous matrix-forming material includes 

20 mechanisms whereby the material is polymerized or otherwise crosslinked. Such 
polymerization can occur, for example, under thermal- or photo-curing conditions 
optionally including a photo- or thermal-curing initiator with the polymerizable, 
amorphous matrix-forming material. The polymerization can occur, for example, 
between two or more of the same amorphous matrix-forming compounds within the 

25 polymerizable, amorphous matrix-forming material (e.g., autopolymerization), between 
two or more different amorphous matrix-forming compounds within the polymerizable, 
amorphous matrix- forming organic material (e.g., bifunctional polymerization), or 
between one or more amorphous matrix-forming compound(s) and a crosslinker within 
the polymerizable, amorphous matrix-forming material. Preferably, the polymerizable, 

30 amorphous matrix-forming material does not substantially polymerize or crosslink prior 
to transfer from a donor sheet to a receptor. 
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Suitable polymerizable, amorphous matrix-forming compounds typically 
include a base structure with two or more polymerizable moieties attached to the base 
structure. The base structure typically resembles a material that is capable of forming 
an amorphous matrix. Examples of such materials include those described in U.S. 

5 Patent Application Serial No. 09/931,598 and references cited therein. Other examples 
of suitable base structures are described in J.V. Grazulevicius, P. Strohriegl, "Charge- 
Transporting Polymers and Molecular Glasses", Handbook of Advanced Electronic and 
Photonic Materials and Devices , H.S. Nalwa (ed.), 10, 233-274 (2001); Shirota, J. 
Mater. Chenu 10, 1, (2000); Kreger et al., Synthetic Metals , 119, 163 (2001); PCT 

10 Patent Applications Publication Nos. WO 99/21935 and WO 00/03565; and Robinson 
et al., Adv. Mat. , 2000, 12(22), 1701. These materials can be used as with base 
structure onto which the two or more polymerizable moieties are attached. 

The polymerizable moieties can be any group that is can be used to polymerize 
with other molecules in the polymerizable, amorphous matrix-forming, organic 

15 material including other polymerizable, amorphous matrix-forming compounds and 
crosslinkers. In some instances, the light emitting material or one or more of the 
components of the light emitting material can also polymerize with the polymerizable 
moieties. 

One example of a suitable polymerizable, amorphous matrix-forming 
20 compound is illustrated as Formula 1 : 




1 



where the three vinyl groups correspond to the polymerizable moieties and the 
remainder of the molecule is the base structure. It will be recognized that another 
25 suitable material could be made with only two vinyl groups and the third vinyl group 
replaced by any other moiety (including hydrogen). Other suitable materials can be 
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made using other polymerizable moieties. For example, one or more of the structures 2 
(with polymerizable vinyl groups) of Formula 1 can be replaced by any of the 
structures 3-10 with polymerizable moieties other than vinyl groups, for example, 
polymerizable perfluorovinylether groups (3), pentadienyl groups (4), azide groups (5), 
5 alkynyl groups (6), (meth)acrylate groups (7), phenylalkynyl groups (8), isocyanato 
groups (9), and benzocyclobutane groups (10): 




15 Other polymerizable moieties include, for example, hydroxyls, oxetanes, thiiranes, 
epoxides and alkoxysilanes. 

The polymerizable moieties can be selected so that the polymerizable moieties 
will react with the same polymerizable moieties on another molecule or with another 
polymerizable moiety on a different molecule. In some embodiments, all of the 

20 polymerizable moieties of a particular polymerizable, amorphous matrix-forming 
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compound are the same. In other embodiments, two or more different polymerizable 
moieties can be disposed on a polymerizable, amorphous matrix-forming compound. 
These two or more different polymerizable moieties can be chosen such that one of the 
types of moieties will polymerize or crosslink with another of the types of moieties (for 

5 example, azide and alkyne; acid and epoxide; acid and isocyanate; alcohol and 
isocyanate; and alcohol and silane are examples of combinations of polymerizable 
moieties that can be used). As an alternative to providing both types of polymerizable 
moieties on a single compound, the polymerizable, amorphous matrix-forming material 
can include two or more different compounds with, for example, one type of 

10 polymerizable moiety attached to one compound and another type of polymerizable 
moiety attached to another compound. The two compounds can then react and 
polymerize together. 

Other examples of suitable polymerizable, amorphous matrix-forming 
compounds include, but are not limited to, the following: 



15 
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5 




Examples of suitable base structures to which polymerizable moieties can be 
attached include structures having a tetrahedral core with pendant electrically active 
groups. Examples of such structures include tetraphenyl methanes 11, tetraphenyl 
silanes 12, and tetraphenyl adamantanes 13, as well as tetraphenyl germanes, 
10 tetraphenyl plumbanes, and tetraphenyl stannaries (i.e., replace Si in 12 with Ge 5 Pb, or 
Sn 5 respectively): 
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Each R is independently a substituent containing one or more conjugated functional 
groups (for example, aryl, arylene, heteroaryl, heteroarylene, alkenyl, or alkenylene) 
that stabilize holes (e.g. as cation radicals), electrons (e.g. as anion radicals), or act as a 

5 chromophore. Each R substituent can be the same as or different from the other R 

substituents. When all the R substituents are the same, the molecule typically has some 
symmetry. When at least one of the R substituents is different, the molecule has 
asymmetry which may further facilitate the formation and retention of an amorphous 
matrix. In some instances, R includes an aromatic ring that is fused to the phenyl group 

10 to which R is attached to form, for example, a substituted or unsubstituted naphthyl or 
other fused ring structure. Examples and further descriptions of such materials can be 
found in, for example, PCT Patent Application Publication No. WO 00/03565 and 
Robinson et al., Adv. Mat. , 2000, 12(22), 1701. Generally, the polymerizable moieties 
are functional groups coupled to the R substituents. 

15 In some embodiments, the R substituents include one or more conjugated 

structures having, for example, one or more alkenyl, alkenylene, aryl, arylene (e.g., 
phenylene, naphthylene, or anthrylene), heteroaryl, or heteroarylene functional groups. 
The substituents can have extended ^-conjugated systems which can include 
heteroatoms such as nitrogen and oxygen. The conjugated systems can include electron 

20 rich moieties (e.g. a triarylamine) to stabilize cation radicals (e.g. holes), electron poor 
moieties to stabilize anion radicals (e.g. electrons), or aHOMO-LUMO (Highest 
Occupied Molecular Orbital-Lowest Unoccupied Molecular Orbital) gap in the 
ultraviolet to visible range to act as a chromophore. Examples of suitable R groups 
include, but are not limited to, the following: 
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Specific examples of suitable tetrahedral base structures include structures 14- 

16: 
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5 X is C, Si, Ge, Pb, or Sn and R 2 is H or alkyl. Structures 15 and 16 include fluorene 
moieties that can be chromophoric. These particular fluorenes typically have band gaps 
in the blue to ultraviolet range. Such materials can be useful with LEPs that emit in the 
red or green regions so that emission is primarily or exclusively from the LEP. 

Also among this type of base structures are spiro structures such as structures 

10 17-19: 




17 
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where each R is independently a conjugated structure having one or more alkenyl, 
alkenylene, aryl, arylene (e.g., phenylene, naphthylene, or anthrylene), heteroaryl, or 
heteroarylene functional groups. The substituents can have extended 7i-conjugated 

5 systems which can include heteroatoms such as nitrogen and oxygen. The conjugated 
systems can include electron rich moieties (e.g. a triarylamine) to stabilize cation 
radicals (e.g. holes), electron poor moieties to stabilize anion radicals (e.g. electrons), 
or a HOMO-LUMO (Highest Occupied Molecular Orbital-Lowest Unoccupied 
Molecular Orbital) gap in the ultraviolet to visible range to act as a chromophore. 

10 Again, the polymerizable moieties would be functional groups coupled to the R 
substituents or phenyl groups of these base structures. 

Other base structures that can be used in polymerizable, amorphous matrix- 
forming compounds include dendrimers. Dendrimeric structures have a core moiety 
with three or more dendritic substituents extending from the core moiety. Examples of 

15 suitable core moieties include triphenylamine, benzene, pyridine, pyrimidine, and 
others described in PCT Patent Application Serial No. WO 99/21935. The dendritic 
substituents typically contain two or more aryl, arylene (e.g., phenylene), heteroaryl, 
heteroarylene, alkenyl, or alkenylene substituents. In some embodiments, the 
substituents can be conjugated structures having one or more alkenyl, alkenylene, aryl, 

20 arylene (e.g., phenylene, naphthylene, or anthrylene), heteroaryl, or heteroarylene 
moieties. The dendritic substituents can be the same or different. Generally, the 
polymerizable moieties are coupled to the dendritic substituents. Examples of 
dendrimeric compounds include starburst compounds based on, for example, 
triphenylamines, such as compounds 20-26: 
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R 3 

26 



Each Ri and R2 is independently H, F, CI, Br, 1, -SH, -OH, alkyl, aryl, heteroaryl, 
fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH. Each R3 is 

5 independently H, F, CI, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro. 
Each Xi is independently O, S, Se, NRs, BR 3 , or PR 3 . The alkyl, aryl, and heteroaryl 
portions of any of these substituents can be substituted or unsubstituted. Each Ri, R2, 
R3, and Xi can be the same as or different from similarly labeled substituents (i.e., all 
Ri substituents can be the same as or one or more of the Ri substituents can be different 

10 from each other). 

Other dendrimer structures can have an aryl or heteroaryl moiety as a core, such 
as compounds 27-36: 



15 




30 31 32 33 
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36 

5 Each Ari and Ar2 is independently a substituted or unsubstituted aryl or heteroaryl, 
including, for example, substituted or unsubstituted phenyl, pyridine, pyrole, furan, 
thiophene, or one of the following structures: 




Ri 
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Each Ri and R 2 is independently H, F, CI, Br, I, -SH, -OH, alkyl, aryl, heteroaryl, 
fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH. Each R3 is 
independently H, F, CI, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro. 
5 Each Xi and X 2 is independently O, S, Se, NR 3 , BR 3 , or PR 3 . The alkyl, aryl, and 
heteroaryl portions of any of these substituents can be substituted or unsubstituted. 
Each Ri, R 2 , R 3 , Xi, and X 2 can be the same as or different from similarly labeled 
substituents (i.e., all Ri substituents can be the same as or one or more of the Ri 
substituents can be different from each other). 



10 Other base structures for the polymerizable, amorphous matrix-forming 

compounds include, for example, structures 37-42: 




Each Ari and Ar 2 is independently a substituted or unsubstituted aryl or heteroaryl, n is 
an integer in the range of 1 to 6, and each Ri is independently H, F, CI, Br, I, -SH, -OH, 
alkyl, aryl, heteroaryl, fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl- 
20 COOH. Each R 3 is independently H, F, CI, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, 

amino, cyano, or nitro. Each X, Xi, and X 2 are independently O, S, Se, NR 3 , BR 3 , or 
PR 3 . The alkyl, aryl, and heteroaryl portions of any of these substituents can be 
substituted or unsubstituted. Each R x , R 2 , R 3 , X, Xi, and X 2 can be the same as or 
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different from similarly labeled substituents (i.e., all Ri substituents can be the same as 
or one or more of the Ri substituents can be different from each other). 

An optional crosslinker can be included with the polymerizable, amorphous 
matrix-forming compounds as part of the polymerizable, amorphous matrix-forming 
5 material. The crosslinker does not necessarily form an amorphous matrix, but also does 
not hinder the formation of that amorphous matrix. The crosslinker includes two or 
more polymerizable moieties that can polymerize with the polymerizable, amorphous 
matrix-forming compounds. In some embodiments, the crosslinker is necessary to 
polymerize the polymerizable, amorphous matrix-forming material after transfer to a 
10 receptor. Examples of suitable materials include triglycidyl triphenylethane (43), 
triglycidyl isocyanurate (44), tetramethoxymethyl glycouril (45), tris-l,3,5-(p- 
trimethoxysilylphenyl)benzene (46), and tris(p-trimethoxysilylpropylphenyl)amine 
(47). 




46 47 

For example, an amorphous matrix-forming compound with two or more hydroxyl 
moieties could be polymerized using tris-l,3,5-(p-trimethoxysilylphenyl)benzene or 
20 tris(p-trimethoxysilylpropylphenyl)amine as a crosslinker. 

Unless otherwise indicated, the term "alkyl" includes both straight-chained, 
branched, and cyclic alkyl groups and includes both unsubstituted and substituted alkyl 
groups. Unless otherwise indicated, the alkyl groups are typically C1-C20. Examples 
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of "alkyl" as used herein include, but are not limited to, methyl, ethyl, n-propyl, n- 
butyl, n-pentyl, isobutyl, and isopropyl, and the like. 

Unless otherwise indicated, the term "alkylene" includes both straight-chained, 
branched, and cyclic divalent hydrocarbon radicals and includes both unsubstituted and 
5 substituted alkenylene groups. Unless otherwise indicated, the alkylene groups are 
typically C1-C20. Examples of "alkylene" as used herein include, but are not limited 
to, methylene, ethylene, propylene, butylene, and isopropylene, and the like. 

. Unless otherwise indicated, the term "alkenyl" includes both straight-chained, 
branched, and cyclic monovalent hydrocarbon radicals have one or more double bonds 
10 and includes both unsubstituted and substituted alkenyl groups. Unless otherwise 

indicated, the alkenyl groups are typically C2-C20. Examples of "alkenylene" as used 
herein include, but are not limited to, ethenyl, propenyl, and the like. 

Unless otherwise indicated, the term "alkenylene" includes both straight- 
chained, branched, and cyclic divalent hydrocarbon radicals have one or more double 
15 bonds and includes both unsubstituted and substituted alkenylene groups. Unless 
otherwise indicated, the alkylene groups are typically C2-C20. Examples of 
"alkenylene" as used herein include, but are not limited to, ethene-l,2-diyl, propene- 
1,3-diyl, and the like. 

Unless otherwise indicated, the term "aryl" refers to monovalent unsaturated 
20 aromatic carbocyclic radicals having one to fifteen rings, such as phenyl or bipheynyl, 
or multiple fused rings, such as naphthyl or anthryl, or combinations thereof. Examples 
of aryl as used herein include, but are not limited to, phenyl, 2-naphthyl, 1 -naphthyl, 
biphenyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl and the like. 

Unless otherwise indicated, the term "arylene" refers to divalent unsaturated 
25 aromatic carbocyclic radicals having one to fifteen rings, such as phenylene, or multiple 
fused rings, such as naphthylene or anthrylene, or combinations thereof. Examples of 
"arylene" as used herein include, but are not limited to, benzene- 1,2-diyl, benzene- 1,3- 
diyl, benzene- 1,4-diyl, naphthalene- 1, 8 -diyl, anthracene- 1,4-diyl, and the like. 

Unless otherwise indicated, the term "heteroaryl" refers to functional groups 
30 containing a monovalent five— to seven— membered aromatic ring radical with one or 
more heteroatoms independently selected from S, O, or N. Such a heteroaryl ring may 
be optionally fused to one or more of another heterocyclic ring(s), heteroaryl ring(s), 
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aryl ring(s), cycloalkenyl ring(s), or cycloalkyl rings. Examples of "heteroaryl" used 
herein include, but are not limited to, furyl, thiophenyl, pyrrolyl, imidazolyl, pyrazolyl, 
triazolyl, tetrazolyl, thiazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl, 
isothiazolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl, 
5 benzofuryl, b enzo thiophenyl, indolyl, and indazolyl, and the like. 

Unless otherwise indicated, the term "heteroarylene" refers to functional groups 
containing a divalent five— to seven— membered aromatic ring radical with one or more 
heteroatoms independently selected from S, O, or N. Such a heteroarylene ring may be 
optionally fused to one or more of another heterocyclic ring(s), heteroaryl ring(s), aryl 

10 ring(s), cycloalkenyl ring(s), or cycloalkyl rings. Examples of "heteroarylene" used 
herein include, but are not limited to, furan-2,5-diyl, thiophene-2,4-diyl, 1,3,4- 
oxadiazole-2,5-diyl, l,3,4-thiadiazole-2,5-diyl, l,3-thiazole-2,4-diyl, l,3-thiazole-2,5- 
diyl, pyridine-2,4-diyl, pyridine -2, 3 -diyl, pyridine-2,5-diyl, pyrimidine-2,4-diyl, 
quinoline-2,3-diyl, and the like. 

15 Suitable substituents for substituted alkyl, alkylene, alkenyl, alkenylene, aryl, 

arylene, heteroaryl, and heteroarylene groups include, but are not limited to, alkyl, 
alkylene, alkoxy, aryl, arylene, heteroaryl, heteroarylene, alkenyl, alkenylene, amino, F, 
CI, Br, I, -OH, -SH, cyano, nitro, -COOH, and -COO-alkyl. 

Preferably, the polymerizable, amorphous matrix-forming material does not 

20 have a substantial propensity to form or does not form a stable, crystalline phase under 
the expected operating and storage conditions. Preferably, the polymerizable, 
amorphous matrix-forming material does not have a substantial propensity to 
polymerize under the expected storage conditions. In addition, preferably, the 
polymerizable, amorphous matrix-forming material and light emitting material are 

25 compatible or soluble in a common solvent or solvents and do not substantially phase 
separate during solution coating and, more preferably, do not phase separate upon 
removal of the solvent(s). 

In general, when the amorphous matrix is formed, the threshold for reducing 
cohesion in an amorphous matrix/LEP (or other light emitting material) blend is the 

30 point at which the LEP becomes the discontinuous phase (if there are two observable 
phases) or the point in which the LEP chains are dissolved by the amorphous matrix (if 
there is a single phase). Generally, the total amount of light emitting polymer or other 
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light emitting molecule is no more than 50 wt.% of the solids of a coating composition 
and can be 40wt.%, 25 wt.%, or less of the solids. Typically, the ratio, by weight, of 
the polymerizable, amorphous matrix-forming material to light emitting material (e.g., 
light emitting polymer or polymers) is at least 1:1 and typically is in the range of 1:1 to 

5 100: 1 . Generally, ratios of at least 1:1, and typically at least 2: 1 or 3 : 1 or more, are 
suitable for thermal transfer applications. 

In some embodiments, the polymerizable, amorphous matrix-forming material 
is or includes a hole or electron transport material. In some of these embodiments, a 
hole or electron transport layer is formed using the polymerizable, amorphous matrix- 

10 forming material or a component of that material and coated with or coated onto a light 
emitting layer containing the same polymerizable, amorphous matrix-forming material. 

In some embodiments, a gradient of light emitting material can be formed by 
depositing several layers with different concentrations of light emitting material to 
achieve a desired profile. The thermal transfer methods described below can be useful 

15 in creating such structures by sequentially transferring each of the layers. In addition, 
layers can be formed using different light emitting materials to achieve different colors 
or to produce, for example, stacked red, green, and blue pixels with intervening 
electrodes between each pixel. 

If the polymerizable, amorphous matrix-forming material is not a hole or 

20 electron transport material, it can be desirable to include a hole or electron transport 
material as part of the coating composition. Other materials that can be included in the 
coating composition include, for example, small molecule dopants (e.g. triplet 
emitters); inert polymers; thermal initiators; photoinitiators; coating aids, surfactants; 
particulate material to, for example, reduce cohesion; dispersants; stabilizers; and 

25 photosensitizers. 

In some embodiments, the polymerizable, amorphous matrix-forming material 
is also a light emitting molecule. In these embodiments, it is preferred that the 
materials and operating conditions be selected to favor emission by the light emitting 
material instead of the polymerizable, amorphous matrix-forming material. For 

30 example, the polymerizable, amorphous matrix-forming material may be capable of 
emitting light in the blue region of the spectrum. In this instance, a light emitting 
polymer could be selected which emits in the red or green regions of the spectrum. 
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Selection can be based on, for example, the mechanism(s) of molecular energy transfer 
and the bandgap of the materials. In some instances, the light emitting material or one 
or more components of the light emitting material includes polymerizable moieties that 
can polymerize with the polymerizable, amorphous matrix-forming material. 

5 It will be recognized that electrically active materials other than light emitting 

materials can be disposed in the amorphous matrix formed using the polymerizable, 
amorphous matrix-forming material. For example, a conducting or semiconducting 
material can be disposed in the polymerizable, amorphous matrix-forming material. 
Application examples include the formation of a hole transport layer or electron 

10 transport layer or other charge conducting layer by disposing a hole transport material 
or electron transport material in the polymerizable, amorphous matrix-forming 
material. The amorphous matrix can be formed using, for example, any of the 
materials described above. This structure can be particularly useful for conducting or 
semiconducting polymeric materials to produce a layer with lower cohesive strength 

15 than the polymer itself. 

A variety of light emitting materials including LEP and SM light emitters can 
be used. The light emitters include, for example, fluorescent and phosphorescent 
materials. Examples of classes of suitable LEP materials include 
poly(phenylenevinylene)s (PPVs), poly-para-phenylenes (PPPs), polyfluorenes (PFs), 

20 other LEP materials now known or later developed, and co-polymers or blends thereof. 
Suitable LEPs can also be molecularly doped, dispersed with fluorescent dyes or other 
PL materials, blended with active or non-active materials, dispersed with active or non- 
active materials, and the like. Examples of suitable LEP materials are described in 
Kraft, et al., Angew. Chem. Int. Ed., 37, 402-428 (1998); U.S. Patent Nos. 5,621,131; 

25 5,708,130; 5,728,801; 5,840,217; 5,869,350; 5,900,327; 5,929,194; 6,132,641; and 
6,169,163; and PCT Patent Application Publication No. 99/40655. 

SM materials are generally non-polymer organic or organometallic molecular 
materials that can be used in OEL displays and devices as emitter materials, charge 
transport materials, as dopants in emitter layers (e.g., to control the emitted color) or 

30 charge transport layers, and the like. Commonly used SM materials include metal 

chelate compounds, such as tris(8-hydroxyquinoline) aluminum (A1Q), and N,N f -bis(3- 
methylphenyl)-N,N-diphenylbenzidine (TPD). Other SM materials are disclosed in, 
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for example, C.H. Chen, et al., MacromoL Svmp. 125, 1 (1997), Japanese Laid Open 
Patent Application 2000-195673, U.S. Patents Nos. 6,030,715, 6,150,043, and 
6,242,1 15 and, PCT Patent Applications Publication Nos. WO 00/18851 (divalent 
lanthanide metal complexes), WO 00/70655 (cyclometallated iridium compounds and 
5 others), and WO 98/5556 1 . 

Referring back to Figure 1, device layer 1 10 is disposed on substrate 120. 
Substrate 120 can be any substrate suitable for OEL device and display applications. 
For example, substrate 120 can comprise glass, clear plastic, or other suitable 
material(s) that are substantially transparent to visible light. Substrate 120 can also be 

10 opaque to visible light, for example stainless steel, crystalline silicon, poly- silicon, or 
the like. Because some materials in OEL devices can be particularly susceptible to 
damage due to exposure to oxygen or water, substrate 120 preferably provides an 
adequate environmental barrier, or is supplied with one or more layers, coatings, or 
laminates that provide an adequate environmental barrier. 

15 Substrate 120 can also include any number of devices or components suitable in 

OEL devices and displays such as transistor arrays and other electronic devices; color 
filters, polarizers, wave plates, diffusers, and other optical devices; insulators, barrier 
ribs, black matrix, mask work and other such components; and the like. Generally, one 
or more electrodes will be coated, deposited, patterned, or otherwise disposed on 

20 substrate 120 before forming the remaining layer or layers of the OEL device or 

devices of the device layer 1 10. When a light transmissive substrate 120 is used and 
the OEL device or devices are bottom emitting, the electrode or electrodes that are 
disposed between the substrate 120 and the emissive material(s) are preferably 
substantially transparent to light, for example transparent conductive electrodes such as 

25 indium tin oxide (ITO) or any of a number of other transparent conductive oxides. 

Element 130 can be any element or combination of elements suitable for use 
with OEL display or device 100. For example, element 130 can be an LCD module 
when device 100 is a backlight. One or more polarizers or other elements can be 
provided between the LCD module and the backlight device 100, for instance an 

30 absorbing or reflective clean-up polarizer. Alternatively, when device 100 is itself an 
information display, element 130 can include one or more of polarizers, wave plates, 
touch panels, antireflective coatings, anti-smudge coatings, projection screens, 
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brightness enhancement films, or other optical components, coatings, user interface 
devices, or the like. 

Organic electronic devices containing materials for light emission can be made 
at least in part by selective thermal transfer of light emitting material from a thermal 
5 transfer donor sheet to a desired receptor substrate. For example, light emitting 
polymer displays and lamps can be made coating an LEP and a polymerizable, 
amorphous matrix-forming material on a donor sheet and then selectively transferring 
the LEP layer alone or along with other device layers or materials to the display 
substrate. 

10 Selective thermal transfer of layers containing light emitting materials for 

organic electronic devices can be performed using a thermal transfer donor. Figure 2 
shows an example of a thermal transfer donor 200 suitable for use in the present 
invention. Donor element 200 includes a base substrate 210, an optional underlayer 
212, an optional light-to-heat conversion layer (LTHC layer) 214, an optional interlayer 

15 216, and a transfer layer 218. Each of these elements are described in more detail in 
the discussion that follows. Other layers can also be present. Examples of suitable 
donors or layers of donors are disclosed in U.S. Pat. Nos. 6,242,152; 6,228,555; 
6,228,543; 6,221,553; 6,221,543; 6,214,520; 6,194,119; 6,114,088; 5,998,085; 
5,725,989; 5,710,097; 5,695,907; and 5,693,446, and in co-assigned U.S. Patent 

20 Application Serial Nos. 09/853,062; 09/844,695; 09/844,100; 09/662,980; 09/662,845; 
09/473,114; 09/451,984; 09/931,598; 10/004,706; and 10/183,717. 

In processes of the present invention, emissive organic materials, including 
LEPs or other materials, can be selectively transferred from the transfer layer of a 
donor sheet to a receptor substrate by placing the transfer layer of the donor element 

25 adjacent to the receptor and selectively heating the donor element. Illustratively, the 
donor element can be selectively heated by irradiating the donor element with imaging 
radiation that can be absorbed by light-to-heat converter material disposed in the donor, 
often in a separate LTHC layer, and converted into heat. In these cases, the donor can 
be exposed to imaging radiation through the donor substrate, through the receptor, or 

30 both. The radiation can include one or more wavelengths, including visible light, 

infrared radiation, or ultraviolet radiation, for example from a laser, lamp, or other such 
radiation source. Other selective heating methods can also be used, such as using a 
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thermal print head or using a thermal hot stamp (e.g., a patterned thermal hot stamp 
such as a heated silicone stamp that has a relief pattern that can be used to selectively 
heat a donor). Material from the thermal transfer layer can be selectively transferred to 
a receptor in this manner to imagewise form patterns of the transferred material on the 

5 receptor. In many instances, thermal transfer using light from, for example, a lamp or 
laser, to patternwise expose the donor can be advantageous because of the accuracy and 
precision that can often be achieved. The size and shape of the transferred pattern (e.g., 
a line, circle, square, or other shape) can be controlled by, for example, selecting the 
size of the light beam, the exposure pattern of the light beam, the duration of directed 

10 beam contact with the donor sheet, or the materials of the donor sheet. The transferred 
pattern can also be controlled by irradiating the donor element through a mask. 

As mentioned, a thermal print head or other heating element (patterned or 
otherwise) can also be used to selectively heat the donor element directly, thereby 
pattern-wise transferring portions of the transfer layer. In such cases, the light-to-heat 

15 converter material in the donor sheet is optional. Thermal print heads or other heating 
elements may be particularly suited for making lower resolution patterns of material or 
for patterning elements whose placement need not be precisely controlled. 

Transfer layers can also be transferred from donor sheets without selectively 
transferring the transfer layer. For example, a transfer layer can be formed on a donor 

20 substrate that, in essence, acts as a temporary liner that can be released after the transfer 
layer is contacted to a receptor substrate, typically with the application of heat or 
pressure. Such a method, referred to as lamination transfer, can be used to transfer the 
entire transfer layer, or a large portion thereof, to the receptor. 

The mode of thermal mass transfer can vary depending on the type of selective 

25 heating employed, the type of irradiation if used to expose the donor, the type of 
materials and properties of the optional LTHC layer, the type of materials in the 
transfer layer, the overall construction of the donor, the type of receptor substrate, and 
the like. Without wishing to be bound by any theory, transfer generally occurs via one 
or more mechanisms, one or more of which may be emphasized or de-emphasized 

30 during selective transfer depending on imaging conditions, donor constructions, and so 
forth. One mechanism of thermal transfer includes thermal melt-stick transfer whereby 
localized heating at the interface between the thermal transfer layer and the rest of the 
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donor element can lower the adhesion of the thermal transfer layer to the donor in 
selected locations. Selected portions of the thermal transfer layer can adhere to the 
receptor more strongly than to the donor so that when the donor element is removed, 
the selected portions of the transfer layer remain on the receptor. Another mechanism 

5 of thermal transfer includes ablative transfer whereby localized heating can be used to 
ablate portions of the transfer layer off of the donor element, thereby directing ablated 
material toward the receptor. Yet another mechanism of thermal transfer includes 
sublimation whereby material dispersed in the transfer layer can be sublimated by heat 
generated in the donor element. A portion of the sublimated material can condense on 

10 the receptor. The present invention contemplates transfer modes that include one or 
more of these and other mechanisms whereby selective heating of a donor sheet can be 
used to cause the transfer of materials from a transfer layer to receptor surface. 

A variety of radiation-emitting sources can be used to heat donor sheets. For 
analog techniques (e.g., exposure through a mask), high-powered light sources (e.g., 

15 xenon flash lamps and lasers) are useful. For digital imaging techniques, infrared, 
visible, and ultraviolet lasers are particularly useful. Suitable lasers include, for 
example, high power (> 100 mW) single mode laser diodes, fiber-coupled laser diodes, 
and diode-pumped solid state lasers (e.g., Nd:YAG and Nd:YLF). Laser exposure 
dwell times can vary widely from, for example, a few hundredths of microseconds to 

20 tens of microseconds or more, and laser fluences can be in the range from, for example, 
about 0.01 to about 5 J/cm 2 or more. Other radiation sources and irradiation conditions 
can be suitable based on, among other things, the donor element construction, the 
transfer layer material, the mode of thermal mass transfer, and other such factors. 

When high spot placement accuracy is desired (e.g., when patterning elements 

25 for high information content displays and other such applications) over large substrate 
areas, a laser can be particularly useful as the radiation source. Laser sources are also 
compatible with both large rigid substrates (e.g., lmx lmx 1.1 mm glass) and 
continuous or sheeted film substrates (e.g., 100 jam thick polyimide sheets). 

During imaging, the donor sheet can be brought into intimate contact with a 

30 receptor (as might typically be the case for thermal melt-stick transfer mechanisms) or 
the donor sheet can be spaced some distance from the receptor (as can be the case for 
ablative transfer mechanisms or material sublimation transfer mechanisms). In at least 
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some instances, pressure or vacuum can be used to hold the donor sheet in intimate 
contact with the receptor. In some instances, a mask can be placed between the donor 
sheet and the receptor. Such a mask can be removable or can remain on the receptor 
after transfer. If a light-to-heat converter material is present in the donor, radiation 
source can then be used to heat the LTHC layer (or other layer(s) containing radiation 
absorber) in an imagewise fashion (e.g., digitally or by analog exposure through a 
mask) to perform imagewise transfer or patterning of the transfer layer from the donor 
sheet to the receptor. 

Typically, selected portions of the transfer layer are transferred to the receptor 
without transferring significant portions of the other layers of the donor sheet, such as 
the optional interlayer or LTHC layer. The presence of the optional interlayer may 
eliminate or reduce the transfer of material from an LTHC layer to the receptor or 
reduce distortion in the transferred portion of the transfer layer. Preferably, under 
imaging conditions, the adhesion of the optional interlayer to the LTHC layer is greater 
than the adhesion of the interlayer to the transfer layer. The interlayer can be 
transmissive, reflective, or absorptive to imaging radiation, and can be used to attenuate 
or otherwise control the level of imaging radiation transmitted through the donor or to 
manage temperatures in the donor, for example to reduce thermal or radiation-based 
damage to the transfer layer during imaging. Multiple interlayers can be present. 

Large donor sheets can be used, including donor sheets that have length and 
width dimensions of a meter or more. In operation, a laser can be rastered or otherwise 
moved across the large donor sheet, the laser being selectively operated to illuminate 
portions of the donor sheet according to a desired pattern. Alternatively, the laser may 
be stationary and the donor sheet or receptor substrate moved beneath the laser. 

In some instances, it may be necessary, desirable, or convenient to sequentially 
use two or more different donor sheets to form electronic devices on a receptor. For 
example, multiple layer devices can be formed by transferring separate layers or 
separate stacks of layers from different donor sheets. Multilayer stacks can also be 
transferred as a single transfer unit from a single donor element. For example, a hole 
transport layer and a LEP layer can be co-transferred from a single donor. As another 
example, a semiconductive polymer and an emissive layer can be co-transferred from a 
single donor. Multiple donor sheets can also be used to form separate components in 
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the same layer on the receptor. For example, three different donors that each have a 
transfer layer comprising a LEP capable of emitting a different color (for example, red, 
green, and blue) can be used to form RGB sub-pixel OEL devices for a full color 
polarized light emitting electronic display. As another example, a conductive or 

5 semiconductive polymer can be patterned via thermal transfer from one donor, 

followed by selective thermal transfer of emissive layers from one or more other donors 
to form a plurality of OEL devices in a display. As still another example, layers for 
organic transistors can be patterned by selective thermal transfer of electrically active 
organic materials (oriented or not), followed by selective thermal transfer patterning of 

10 one or more pixel or sub-pixel elements s;uch as color filters, emissive layers, charge 
transport layers, electrode layers, and the like. 

Materials from separate donor sheets can be transferred adjacent to other 
materials on a receptor to form adjacent devices, portions of adjacent devices, or 
different portions of the same device. Alternatively, materials from separate donor 

15 sheets can be transferred directly on top of, or in partial overlying registration with, 
other layers or materials previously patterned onto the receptor by thermal transfer or 
some other method (e.g., photolithography, deposition through a shadow mask, etc.). A 
variety of other combinations of two or more donor sheets can be used to form a 
device, each donor sheet forming one or more portions of the device. It will be 

20 understood that other portions of these devices, or other devices on the receptor, may be 
formed in whole or in part by any suitable process including photolithographic 
processes, ink jet processes, and various other printing or mask-based processes, 
whether conventionally used or newly developed. 

Referring back to Figure 2, various layers of the donor sheet 200 will now be 

25 described. 

The donor substrate 210 can be a polymer film. One suitable type of polymer 
film is a polyester film, for example, polyethylene terephthalate (PET) or polyethylene 
naphthalate (PEN) films. However, other films with sufficient optical properties, 
including high transmission of light at a particular wavelength, or sufficient mechanical 
30 and thermal stability properties, depending on the particular application, can be used. 
The donor substrate, in at least some instances, is flat so that uniform coatings can be 
formed thereon. The donor substrate is also typically selected from materials that 
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remain stable despite heating of one or more layers of the donor. However, as 
described below, the inclusion of an underlayer between the substrate and an LTHC 
layer can be used to insulate the substrate from heat generated in the LTHC layer 
during imaging. The typical thickness of the donor substrate ranges from 0.025 to 0.15 
5 mm, preferably 0.05 to 0. 1 mm, although thicker or thinner donor substrates may be 
used. 

The materials used to form the donor substrate and an optional adjacent 
underlayer can be selected to improve adhesion between the donor substrate and the 
underlayer, to control heat transport between the substrate and the underlayer, to 

10 control imaging radiation transport to the LTHC layer, to reduce imaging defects and 
the like. An optional priming layer can be used to increase uniformity during the 
coating of subsequent layers onto the substrate and also increase the bonding strength 
between the donor substrate and adjacent layers. 

An optional underlayer 212 may be coated or otherwise disposed between a 

15 donor substrate and the LTHC layer, for example to control heat flow between the 

substrate and the LTHC layer during imaging or to provide mechanical stability to the 
donor element for storage, handling, donor processing, or imaging. Examples of 
suitable underlayers and methods of providing underlayers are disclosed in co-assigned 
U.S. Patent Application Ser No. 09/743,114. 

20 The imderlayer can include materials that impart desired mechanical or thermal 

properties to the donor element. For example, the underlayer can include materials that 
exhibit a low product of specific heat and density (e.g., specific heat x density) or low 
thermal conductivity relative to the donor substrate. Such an underlayer may be used to 
increase heat flow to the transfer layer, for example to improve the imaging sensitivity 

25 of the donor. 

The underlayer may also include materials for their mechanical properties or for 
adhesion between the substrate and the LTHC. Using an underlayer that improves 
adhesion between the substrate and the LTHC layer may result in less distortion in the 
transferred image. As an example, in some cases an underlayer can be used that 
30 reduces or eliminates delamination or separation of the LTHC layer, for example, that 
might otherwise occur during imaging of the donor media. This can reduce the amount 
of physical distortion exhibited by transferred portions of the transfer layer. Li other 
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cases, however it may be desirable to employ underlayers that promote at least some 
degree of separation between or among layers during imaging, for example to produce 
an air gap between layers during imaging that can provide a thermal insulating 
function. Separation during imaging may also provide a channel for the release of 

5 gases that may be generated by heating of the LTHC layer during imaging. Providing 
such a channel may lead to fewer imaging defects. 

The underlayer may be substantially transparent at the imaging wavelength, or 
may also be at least partially absorptive or reflective of imaging radiation. Attenuation 
or reflection of imaging radiation by the underlayer may be used to control heat 

10 generation during imaging. 

Referring again to Figure 2, an LTHC layer 214 can be included in donor sheets 
of the present invention to couple irradiation energy into the donor sheet. The LTHC 
layer preferably includes a radiation absorber that absorbs incident radiation (e.g., laser 
light) and converts at least a portion of the incident radiation into heat to enable transfer 

15 of the transfer layer from the donor sheet to the receptor. 

Generally, the radiation absorber(s) in the LTHC layer absorb light in the 
infrared, visible, or ultraviolet regions of the electromagnetic spectrum and convert the 
absorbed radiation into heat. The radiation absorber(s) are typically highly absorptive 
of the selected imaging radiation, providing an LTHC layer with an optical density at 

20 the wavelength of the imaging radiation in the range of about 0.2 to 3 or higher. 

Optical density of a layer is the absolute value of the logarithm (base 10) of the ratio of 
the intensity of light transmitted through the layer to the intensity of light incident on 
the layer. 

Radiation absorber material can be uniformly disposed throughout the LTHC 
25 layer or can be non-homogeneously distributed. For example, as described in co- 
assigned U.S. Patent Application Ser. No. 09/474,002, non-homogeneous LTHC layers 
can be used to control temperature profiles in donor elements. This can give rise to 
donor sheets that have improved transfer properties (e.g., better fidelity between the 
intended transfer patterns and actual transfer patterns). 
30 Suitable radiation absorbing materials can include, for example, dyes (e.g., 

visible dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing 
dyes), pigments, metals, metal compounds, metal films, and other suitable absorbing 
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materials. Examples of suitable radiation absorbers includes carbon black, metal 
oxides, and metal sulfides. One example of a suitable LTHC layer can include a 
pigment, such as carbon black, and a binder, such as an organic polymer. Another 
suitable LTHC layer includes metal or metal/metal oxide formed as a thin film, for 

5 example, black aluminum (i.e., a partially oxidized aluminum having a black visual 
appearance). Metallic and metal compound films may be formed by techniques, such 
as, for example, sputtering and evaporative deposition. Particulate coatings may be 
formed using a binder and any suitable dry or wet coating techniques. LTHC layers 
can also be formed by combining two or more LTHC layers containing similar or 

10 dissimilar materials. For example, an LTHC layer can be formed by vapor depositing a 
thin layer of black aluminum over a coating that contains carbon black disposed in a 
binder. 

Dyes suitable for use as radiation absorbers in a LTHC layer may be present in 
particulate form, dissolved in a binder material, or at least partially dispersed in a 

15 binder material. When dispersed particulate radiation absorbers are used, the particle 
size can be, at least in some instances, about 10 jam or less, and may be about 1 jam or 
less. Suitable dyes include those dyes that absorb in the IR region of the spectrum. A 
specific dye may be chosen based on factors such as, solubility in, and compatibility 
with, a specific binder or coating solvent, as well as the wavelength range of 

20 absorption. 

Pigmentary materials may also be used in the LTHC layer as radiation 
absorbers. Examples of suitable pigments include carbon black and graphite, as well as 
phthalocyanines, nickel dithiolenes, and other pigments described in U.S. Pat. Nos. 
5,166,024 and 5,351,617. Additionally, black azo pigments based on copper or 

25 chromium complexes of, for example, pyrazolone yellow, dianisidine red, and nickel 
azo yellow can be useful. Inorganic pigments can also be used, including, for example, 
oxides and sulfides of metals such as aluminum, bismuth, tin, indium, zinc, titanium, 
chromium, molybdenum, tungsten, cobalt, iridium, nickel, palladium, platinum, copper, 
silver, gold, zirconium, iron, lead, and tellurium. Metal borides, carbides, nitrides, 

30 carbonitrides, bronze-structured oxides, and oxides structurally related to the bronze 
family (e.g., WO2.9) may also be used. 
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Metal radiation absorbers may be used, either in the form of particles, as 
described for instance in U.S. Pat. No. 4,252,671, or as films, as disclosed in U.S. Pat. 
No. 5,256,506. Suitable metals include, for example, aluminum, bismuth, tin, indium, 
tellurium and zinc. 

Suitable binders for use in the LTHC layer include film-forming polymers, such 
as, for example, phenolic resins (e.g., novolak and resole resins), polyvinyl butyral 
resins, polyvinyl acetates, polyvinyl acetals, polyvinylidene chlorides, polyacrylates, 
cellulosic ethers and esters, nitrocelluloses, and polycarbonates. Suitable binders may 
include monomers, oligomers, or polymers that have been, or can be, polymerized or 
crosslinked. Additives such as photoinitiators may also be included to facilitate 
crosslinking of the LTHC binder. In some embodiments, the binder is primarily 
formed using a coating of crosslinkable monomers or oligomers with optional polymer. 

The inclusion of a thermoplastic resin (e.g., polymer) may improve, in at least 
some instances, the performance (e.g., transfer properties or coatability) of the LTHC 
layer. It is thought that a thermoplastic resin may improve the adhesion of the LTHC 
layer to the donor substrate. In one embodiment, the binder includes 25 to 50 wt.% 
(excluding the solvent when calculating weight percent) thermoplastic resin, and, 
preferably, 30 to 45 wt.% thermoplastic resin, although lower amounts of thermoplastic 
resin may be used (e.g., 1 to 15 wt.%). The thermoplastic resin is typically chosen to 
be compatible (i.e., form a one-phase combination) with the other materials of the 
binder. In at least some embodiments, a thermoplastic resin that has a solubility 
parameter in the range of 9 to 13 (cal/cm 3 ) 172 , preferably, 9.5 to 12 (cal/cm 3 ) 1/2 , is 
chosen for the binder. Examples of suitable thermoplastic resins include polyacrylics, 
styrene-acrylic polymers and resins, and polyvinyl butyral. 

Conventional coating aids, such as surfactants and dispersing agents, may be 
added to facilitate the coating process. The LTHC layer may be coated onto the donor 
substrate using a variety of coating methods known in the art. A polymeric or organic 
LTHC layer can be coated, in at least some instances, to a thickness of 0.05 jum to 20 
|nm, preferably, 0.5 jam to 10 jam, and, more preferably, 1 jam to 7 (am. An inorganic 
LTHC layer can be coated, in at least some instances, to a thickness in the range of 
0.0005 to 10 jam, and preferably, 0.001 to 1 [im. 
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Referring again to Figure 2, an optional interlayer 216 may be disposed between 
the LTHC layer 214 and transfer layer 218. The interlayer can be used, for example, to 
minimize damage and contamination of the transferred portion of the transfer layer and 
may also reduce distortion in the transferred portion of the transfer layer. The 

5 interlayer may also influence the adhesion of the transfer layer to the rest of the donor 
sheet. Typically, the interlayer has high thermal resistance. Preferably, the interlayer 
does not distort or chemically decompose under the imaging conditions, particularly to 
an extent that renders the transferred image non-functional. The interlayer typically 
remains in contact with the LTHC layer during the transfer process and is not 

10 substantially transferred with the transfer layer. 

Suitable interlayers include, for example, polymer films, metal layers (e.g., 
vapor deposited metal layers), inorganic layers (e.g., sol-gel deposited layers and vapor 
deposited layers of inorganic oxides (e.g., silica, titania, and other metal oxides)), and 
organic/inorganic composite layers. Organic materials suitable as interlayer materials 

15 include both thermoset and thermoplastic materials. Suitable thermoset materials 
include resins that may be crosslinked by heat, radiation, or chemical treatment 
including, but not limited to, crosslinked or crosslinkable polyacrylates, 
polymethacrylates, polyesters, epoxies, and polyurethanes. The thermoset materials 
may be coated onto the LTHC layer as, for example, thermoplastic precursors and 

20 subsequently crosslinked to form a crosslinked interlayer. 

Suitable thermoplastic materials include, for example, polyacrylates, 
polymethacrylates, polystyrenes, polyurethanes, polysulfones, polyesters, and 
polyimides. These thermoplastic organic materials may be applied via conventional 
coating techniques (for example, solvent coating, spray coating, or extrusion coating). 

25 Typically, the glass transition temperature (T g ) of thermoplastic materials suitable for 
use in the interlayer is 25 °C or greater, preferably 50 °C or greater. In some 
embodiments, the interlayer includes a thermoplastic material that has a T g greater than 
any temperature attained in the transfer layer during imaging. The interlayer may be 
either transmissive, absorbing, reflective, or some combination thereof, at the imaging 

30 radiation wavelength. 

Inorganic materials suitable as interlayer materials include, for example, metals, 
metal oxides, metal sulfides, and inorganic carbon coatings, including those materials 
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that are highly transmissive or reflective at the imaging light wavelength. These 
materials may be applied to the light-to-heat-conversion layer via conventional 
techniques (e.g., vacuum sputtering, vacuum evaporation, or plasma jet deposition). 
The interlayer may provide a number of benefits. The interlayer may be a 

5 barrier against the transfer of material from the light-to-heat conversion layer. It may 
also modulate the temperature attained in the transfer layer so that thermally unstable 
materials can be transferred. For example, the interlayer can act as a thermal diffuser to 
control the temperature at the interface between the interlayer and the transfer layer 
relative to the temperature attained in the LTHC layer. This may improve the quality 

10 (i.e., surface roughness, edge roughness, etc,) of the transferred layer. The presence of 
an interlayer may also result in improved plastic memory in the transferred material. 

The interlayer may contain additives, including, for example, photoinitiators, 
surfactants, pigments, plasticizers, and coating aids. The thickness of the interlayer may 
depend on factors such as, for example, the material of the interlayer, the material and 

15 properties of the LTHC layer, the material and properties of the transfer layer, the 

wavelength of the imaging radiation, and the duration of exposure of the donor sheet to 
imaging radiation. For polymer interlayers, the thickness of the interlayer typically is 
in the range of 0.05 |_im to 10 jam. For inorganic interlayers (e.g., metal or metal 
compound interlayers), the thickness of the interlayer typically is in the range of 0.005 

20 jam to 10 |iim. 

Referring again to Figure 2, a thermal transfer layer 218 is included in donor 
sheet 200. Transfer layer 218 can include any suitable material or materials, disposed 
in one or more layers, alone or in combination with other materials. Transfer layer 218 
is capable of being selectively transferred as a unit or in portions by any suitable 

25 transfer mechanism when the donor element is exposed to direct heating or to imaging 
radiation that can be absorbed by light-to-heat converter material and converted into 
heat. 

The present invention contemplates a transfer layer that includes a light 
emitting, charge transporting, charge blocking, or semiconducting material disposed in 
30 a polymerizable, amorphous matrix-forming material that forms an amorphous matrix 
as part of the transfer layer. The present invention contemplates a transfer layer that 
includes a LEP or other light emitting molecules as the light emitting material. One 
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way of providing the transfer layer is by solution coating the light emitting material and 
polymerizable, amorphous matrix-forming material onto the donor to form an 
amorphous matrix containing the light emitting material. In this method, the light 
emitting material and the polymerizable, amorphous matrix-forming material can be 

5 solubilized by addition of a suitable compatible solvent, and coated onto the donor 
sheet by spin-coating, gravure coating, mayer rod coating, knife coating and the like. 
The solvent chosen preferably does not undesirably interact with (e.g., swell or 
dissolve) any of the already existing layers in the donor sheet. The coating can then be 
optionally annealed and the solvent evaporated to leave a transfer layer containing an 

10 amorphous matrix. 

The transfer layer can then be selectively thermally transferred from the donor 
element to a proximately located receptor substrate. There can be, if desired, more than 
one transfer layer so that a multilayer construction is transferred using a single donor 
sheet. The additional transfer layers can include a polymerizable, amorphous matrix- 

15 forming material or some other materials. The receptor substrate may be any item 
suitable for a particular application including, but not limited to, glass, transparent 
films, reflective films, metals, semiconductors, and plastics. For example, receptor 
substrates may be any type of substrate or display element suitable for display 
applications. Receptor substrates suitable for use in displays such as liquid crystal 

20 displays or emissive displays include rigid or flexible substrates that are substantially 
transmissive to visible light. Examples of suitable rigid receptors include glass and 
rigid plastic that are coated or patterned with indium tin oxide or are circuitized with 
low temperature poly-silicon (LTPS) or other transistor structures, including organic 
transistors. 

25 Suitable flexible substrates include substantially clear and transmissive polymer 

films, reflective films, transflective films, polarizing films, multilayer optical films, and 
the like. Flexible substrates can also be coated or patterned with electrode materials or 
transistors, for example transistor arrays formed directly on the flexible substrate or 
transferred to the flexible substrate after being formed on a temporary carrier substrate. 

30 Suitable polymer substrates include polyester base (e.g., polyethylene terephthalate, 
polyethylene naphthalate), polycarbonate resins, polyolefin resins, polyvinyl resins 
(e.g., polyvinyl chloride, polyvinylidene chloride, polyvinyl acetals, etc.), cellulose 
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ester bases (e.g., cellulose triacetate, cellulose acetate), and other conventional 
polymeric films used as supports. For making OELs on plastic substrates, it is often 
desirable to include a barrier film or coating on one or both surfaces of the plastic 
substrate to protect the organic light emitting devices and their electrodes from 
5 exposure to undesired levels of water, oxygen, and the like. 

Receptor substrates can be pre~patterned with any one or more of electrodes, 
transistors, capacitors, insulator ribs, spacers, color filters, black matrix, hole transport 
layers, electron transport layers, and other elements useful for electronic displays or 
other devices. 

10 The present invention contemplates polarized light emitting OEL displays and 

devices. In one embodiment, OEL displays can be made that emit light and that have 
adjacent devices that can emit light having different color. For example, Figure 3 
shows an OEL display 300 that includes a plurality of OEL devices 310 disposed on a 
substrate 320. Adjacent devices 310 can be made to emit different colors of light. 

15 The separation shown between devices 3 10 is for illustrative purposes only. 

Adjacent devices may be separated, in contact, overlapping, etc., or different 
combinations of these in more than one direction on the display substrate. For 
example, a pattern of parallel striped transparent conductive anodes can be formed on 
the substrate followed by a striped pattern of a hole transport material and a striped 

20 repeating pattern of red, green, and blue light emitting LEP layers, followed by a 
striped pattern of cathodes, the cathode stripes oriented perpendicular to the anode 
stripes. Such a construction may be suitable for forming passive matrix displays. In 
other embodiments, transparent conductive anode pads can be provided in a two- 
dimensional pattern on the substrate and associated with addressing electronics such as 

25 one or more transistors, capacitors, etc., such as are suitable for making active matrix 
displays. Other layers, including the light emitting layer(s) can then be coated or 
deposited as a single layer or can be patterned (e.g., parallel stripes, two-dimensional 
pattern commensurate with the anodes, etc.) over the anodes or electronic devices. 
Any other suitable construction is also contemplated by the present invention. 

30 In one embodiment, display 300 can be a multiple color display. As such, it 

may be desirable to position optional polarizer 330 between the light emitting devices 
and a viewer, for example to enhance the contrast of the display. In exemplary 
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embodiments, each of the devices 310 emits light. There are many displays and 
devices constructions covered by the general construction illustrated in Figure 3. Some 
of those constructions are discussed as follows. 

OEL backlights can include emissive layers. Constructions can include bare or 

5 circuitized substrates, anodes, cathodes, hole transport layers, electron transport layers, 
hole injection layers, electron injection layers, emissive layers, color changing layers, 
and other layers and materials suitable in OEL devices. Constructions can also include 
polarizers, diffusers, light guides, lenses, light control films, brightness enhancement 
films, and the like. Applications include white or single color large area single pixel 

10 lamps, for example where an emissive material is provided by thermal stamp transfer, 
lamination transfer, resistive head thermal printing, or the like; white or single color 
large area single electrode pair lamps that have a large number of closely spaced 
emissive layers patterned by laser induced thermal transfer; and tunable color multiple 
electrode large area lamps. 

15 Low resolution OEL displays can include emissive layers. Constructions can 

include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron 
transport layers, hole injection layers, electron injection layers, emissive layers, color 
changing layers, and other layers and materials suitable in OEL devices. Constructions 
can also include polarizers, diffusers, light guides, lenses, light control films, 

20 brightness enhancement films, and the like. Applications include graphic indicator 

lamps (e.g., icons); segmented alphanumeric displays (e.g., appliance time indicators); 
small monochrome passive or active matrix displays; small monochrome passive or 
active matrix displays plus graphic indicator lamps as part of an integrated display 
(e.g., cell phone displays); large area pixel display tiles (e.g., a plurality of modules, or 

25 tiles, each having a relatively small number of pixels), such as may be suitable for 
outdoor display used; and security display applications. 

High resolution OEL displays can include emissive layers. Constructions can 
include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron 
transport layers, hole injection layers, electron injection layers, emissive layers, color 

30 changing layers, and other layers and materials suitable in OEL devices. Constructions 
can also include polarizers, diffusers, light guides, lenses, light control films, 
brightness enhancement films, and the like. Applications include active or passive 
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matrix multicolor or full color displays; active or passive matrix multicolor or full color 
displays plus segmented or graphic indicator lamps (e.g., laser induced transfer of high 
resolution devices plus thermal hot stamp of icons on the same substrate); and security 
display applications. 

EXAMPLES 

Example 1: Synthesis of l-(7-Methoxy-fluoren-2-ylVethanone 




l-(7-Methoxy-fluoren-2-yl)-ethanone is prepared by the acylation of fluoren-2- 
yl-methyl ether with acetyl chloride/AlCls according to Kajigaeshi, et al., Bull. Chem. 
Soc. Jpn. , 52, 3569-3572 (1979) or Gray et al, J. Chem Soc , 1955; 2686-2688. 



Example 2: Synthesis of l-(7-bromo-9H-flnoren-2-yr)-ethanone 

l-(7-bromo-9H-fluoren-2-yl)-ethanone is prepared by the reaction of 
2-bromofluorene (available from Aldrich Chemical Company, Milwaukee, WI) with 
acetic anhydride/ AlCl 3 /nitrobenzene according to Tsuno et al., Bull. Chem. Soc. Jpn. . 
51,601-607 (1978). 

Example 3: Synthesis of l-(7-Bromo-9^9-dipropyl-9H-fluoren-2-yl)-ethanone 



o 

Benzyltriethylammonium chloride (3.19g, 14 mmole, 0.077 eq) and l-(7- 
bromo-9H-fluoren-2-yl)-ethanone (52.26g, 182 mmole, 1 eq) are suspended in 178 mL 
DMSO. 50% aqueous NaOH (80 mL) is added. 1-Bromopropane (59.88g, 437 mmole, 
2.4eq) is then added in small portions. The reaction is stirred at room temperature for 2 
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hours before it is stopped and the aqueous layer is then extracted with ether. The 
combined ether layers are washed with water five times and dried over Na 2 S04. The 
organic layer is then filtered, evaporated to dryness and the residue flash 
chromatographed on a silica-gel column to give l-(7-bromo-9 ? 9-dipropyl-9H-fluoren-2- 
5 yl)-ethanone. 



Example 4: Synthesis of the tribromide (A) 




A 

1 o A mixture of 1 -(7-bromo-9 ? 9-dipropyl-9H-fluoren-2-yl)-ethanone from 

Example 3 (20g, 53.9 mmol) in 150 mL p-cymene and p-MeC 6 H 4 S0 3 H (0.3g) is 
refluxed for 3 days in a Dean Stark apparatus to give compound A. 



Example 5: Synthesis of polvmerizable, amorphous matrix-forming compound 1 




Compound 1 can be synthesized by a method similar to that described in W. A. Nugent 
and R. J. MckKinney, J. Org. Chem.. 50, 5370-5372 (1985). Tribromide A of Example 
4 (1 mmole) and [bis(dimethylphosphino)ethane]nickel (II) chloride (0.03 mmol) in 
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THF are treated with vinylmagnesium bromide (3.75mL, 1.0 M solution in THF) at 
room temperature. After the reaction is completed, it is quenched with half-saturated 
aqueous NH4CI solution. The mixture is extracted with ether and the product is 
obtained after evaporation of the ether. 

5 

Example 6: Synthesis of polvmerizable, amorphous matrix-forming compound 
with azide moieties 

An azide compound can be synthesized by a method similar to that described in 
P. A. S. Smith, CD. Rowe and L.B. Bruner, J. Org. Chem., 34, 3430-3433 (1969). 

10 Tribromide A of Example 4 (1 mmole) in ether (10 mL) is treated with magnesium 
turning (4 mmole) at gentle reflux. After the reaction is completed, the reaction 
mixture is added to a solution of p-toluene sulfonyl azide (3.3 mmole) in 10 mL of 
ether at 0°C. Upon completion of the addition, tetrasodium pyrophosphate decahydrate 
(3 mmol) in water is added dropwise. After stirring overnight, the ether layer is 

15 separated, dried over CaCl 2 and purified by eluting on alumina column with petroleum 
ether. Evaporation of the petroleum ether gives the product. 

Example 7: Synthesis of polvmerizable, amorphous matrix-forming compound 
with acetylene moieties 



20 




Tribromide A of Example 4 (30.0 mmol) is dissolved in diethylamine (250 ml) 
under an atmosphere of argon. Copper iodide (50 mg) and 
dichlorobis(triphenylphosphine)palladium (II) (400 mg) are added to the stirred 
solution. Trimethylsilylacetylene (10.6 g, 108 mmol) is added and the mixture heated at 
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50°C for 7 h. After cooling, the formed precipitate of diethylamine bromide 
hydrobromide is filtered off and washed with ether. The combined filtrates are then 
evaporated to dryness and the residue is then chromatographed on a column (AI2O3 
support, light petroleum ether). The result is treated with a mixture of MeOH-NaOH 
5 (50ml; 30 ml 1M) under stirring at room temperature for 1 h. The organic solvent is 
evaporated and the residue is extracted with ether and dried (Na 2 SC>4). Removal of 
solvent gives the product which can be purified by sublimation. 



Example 8: Synthesis of polvmerizable, amorphous matrix-forming compound 
10 with methoxide moieties 




MeO 

This compound is made by the same general method as the preparation of the 
tribromide A of Example 4 except that l-(7-Methoxy-fluoren-2-yl)-ethanone (from 
15 Example 1) is used instead of l-(7-bromo-9 ? 9-dipropyl-9H-fluoren-2-yl)-ethanone. 
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Example 9: Synthesis of polymerizable, amorphous matrix-forming compound 
with hvdroxvl moieties 




HO 



This alcohol can be synthesized by demethylation of the compound of Example 
5 8 under standard conditions using BBr3. 

Alternatively, this alcohol can be synthesized by a method similar to that 
described in M.F. Hawthorne, J. Org. Chem., 22, 1001 (1957). Tribromide A of 
Example 4 (1 mmole) in ether (10 mL) is treated with magnesium turning (4 mmole) at 
gentle reflux. After the reaction is completed, it is added to a solution of methyl borate 
10 (3.3 mmole) in 10 mL of ether at -78°C. Upon completion of the addition, the reaction 
is allowed to warm up to room temperature while 3 mL of 10% HC1 is added. The ether 
layer is separated and washed with water several times. 3 mL of 10% H2O2 is then 
added to the ether layer. The ether layer is then washed with (NH4)2Fe(S04)2 aqueous 
solution to remove the excess H 2 0 2 . Evaporation of the ether gives the product. 

15 

Example 10: Synthesis of polymerizable, amorphous matrix-forming compound 
with perfluorovinvlether moieties 

This compound can be synthesized from tribromide A of Example 4 by a 
method similar to that described in Example 1 of U.S. Patent No. 5,023,380. 

20 

Example 11: Synthesis of polymerizable, amorphous matrix-forming compound 
with methacrvlate moieties 

This methacrylate compound can be synthesized from the alcohol of Example 9 
by reacting the alcohol with methacryloyl chloride under typical acylation conditions. 
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The present invention should not be considered limited to the particular 
examples described above, but rather should be understood to cover all aspects of the 
invention as fairly set out in the attached claims. Various modifications, equivalent 
processes, as well as numerous structures to which the present invention may be 
5 applicable will be readily apparent to those of skill in the art to which the present 
invention is directed upon review of the instant specification. 
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WHAT IS CLAIMED IS: 

1 . A method of making an organic electroluminescent device, the method 
comprising: 

5 solution coating a transfer layer on a donor substrate, the transfer layer 

comprising a polymerizable, amorphous matrix with a light emitting material disposed 
in the matrix; 

selectively thermally transferring a portion of the transfer layer to a receptor; 

and 

10 polymerizing the polymerizable, amorphous matrix of the portion of the transfer 

layer transferred to the receptor. 

2. The method of claim 1, further comprising forming a light-to-heat 
conversion layer on the donor substrate and wherein selectively thermally transferring 

15 the transfer layer to the receptor comprises selectively irradiating the light-to-heat 

conversion layer with imaging radiation and converting the imaging radiation to heat. 

3. The method of claim 1 ? further comprising forming at least one 
additional transfer layer on the substrate and wherein selectively thermally transferring 

20 the transfer layer to the receptor comprises selectively thermally transferring the 
transfer layer and the at least one additional transfer layer to the receptor. 

4. The method of claim 1, wherein the light emitting material comprises a 
light emitting polymer. 

25 

5. The method of claim 1, wherein the light emitting material comprises a 
phosphorescent material. 

6. The method of claim 1, wherein the polymerizable, amorphous matrix 
30 comprises at least one polymerizable, amorphous matrix-forming compound having an 

amorphous matrix-forming base structure and at least two polymerizable moieties 
coupled to the base structure. 
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7. The method of claim 6 ? wherein the polymerizable moieties are 
independently selected from vinyl, perfluorovinylether, azide, pentadienyl, alkynyl, 
(meth)acrylate, phenylalkynyl, isocyanoto, and benzocyclobutane moieties. 

5 

8. The method of claim 6, wherein the base structure comprises a 
dendrimer. 

9. The method of claim 6, wherein the base structure is selected from 




wherein each R is independently a substituent comprising at least one functional group 
selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene. 

10. The method of claim 1, wherein the polymerizing step comprises 
15 thermally polymerizing the polymerizable, amorphous matrix of the portion of the 

transfer layer transferred to the receptor. 

1 1 . The method of claim 1, wherein the transfer layer further comprises a 
crosslinker and the polymerizing step comprises polymerizing the polymerizable, 

20 amorphous matrix and the crosslinker of the portion of the transfer layer transferred to 
the receptor. 

12. The method of claim 1, wherein the light emitting material comprises a 
polymerizable light emitting compound and the polymerizing step comprises 

25 polymerizing the polymerizable, amorphous matrix and the polymerizable light 
emitting compound of the portion of the transfer layer transferred to the receptor. 



50 



WO 03/017732 



PCT/US02/26043 



13. A donor sheet comprising 
a substrate; and 

a transfer layer disposed on the substrate, the transfer layer comprising a 
polymerizable, amorphous matrix and a light emitting material disposed in the matrix, 
5 wherein the transfer layer is capable of being selectively thermally transferred from the 
donor sheet to a proximally located receptor. 

14. The donor sheet of claim 13, further comprising a light-to-heat 
conversion layer disposed between the substrate and the transfer layer. 

10 

15. The donor sheet of claim 13, wherein the light emitting material 
comprises a light emitting polymer. 

16. The donor sheet of claim 13, wherein the light emitting material 
15 comprises a phosphorescent material. 

17. The donor sheet of claim 13, wherein the polymerizable, amorphous 
matrix comprises at least one polymerizable, amorphous matrix-forming compound 
having an amorphous matrix-forming base structure and at least two polymerizable 

20 moieties coupled to the base structure. 

18. The donor sheet of claim 17, wherein the polymerizable moieties are 
independently selected from vinyl, perfluorovinylether, azide, pentadienyl, alkynyl, 
(meth)acrylate, phenylalkynyl, isocyanoto, and benzocyclobutane moieties. 

25 

19. The donor sheet of claim 17, wherein the base structure comprises a 
dendrimer. 
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wherein each R is independently a substituent comprising at least one functional group 
selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene. 

5 

21 . An electroluminescent device, comprising: 
a first electrode; 

a second electrode; and 

a light emitting layer disposed between the first and second electrodes, the light 
10 emitting layer comprising a polymerized organic matrix with a light emitting material 
disposed in the matrix. 

22. The electroluminescent device of claim 21, wherein the light emitting 
material comprises a light emitting compound polymerized in the matrix. 

15 

23. The electroluminescent device of claim 21, wherein the light emitting 
material comprises a light emitting polymer. 



24. The electroluminescent device of claim 21, wherein the light emitting 
20 material comprises a phosphorescent material. 
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